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SOME RELATIONS OF BRITISH COLEOPTERA 
TO THEIR ENVIRONMENT 

By Geo. B. Walsh, B.Sc. 

It is a well-known fact that plants in their morphology and 
physiology show a more or less close adaptation to their environ¬ 
ment, and that they may be divided into such groups as meso- 
phytes, xerophytes, hydrophytes, and the like, according to the 
habitat in which they normally grow. In the same way, the 
beginner in the collection of beetles speedily learns that he must 
search for many species of beetles in certain definite environ¬ 
ments ; e.g. species of Hydroporus in water, of Stenus normally 
in damp places, Notoxus mono c eras in sandy tracts, and so on. 
He will learn also that many beetles speedily die if kept for even 
a short time in a dry tube, whereas they will survive for a 
long time if a blade of grass be put into the tube to keep the 
air moist. 

There would seem to be, then, with beetles as with plants, 
some adaptive relation between the insect organism and the 
water content of its environment, although, as the animal is 
capable of locomotion, this cannot be of such an intimate nature 
as with the fixed plant. 

The following notes are a record of experiments carried out 
in order to test the truth of this hypothesis and to endeavour to 
find, if possible, some of the factors involved in such a relation. 

Technique. 

In all the experiments described in this paper, the beetles 
were first kept in a small closed tin for at least twenty-four 
hours in order to ensure that the intestine was completely free 
from any traces of food, and that any loss of weight was there¬ 
fore not due to defaecation. 

After this clearing of the alimentary canal, those beetles to 
be exposed to a dry environment were put into the bottom of a 
perfectly clean chemical desiccator which contained anhydrous 
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calcium chloride in a dish resting on a pipe-clay triangle stand¬ 
ing on the raised rim. To test its drying powers, the inside of 
the desiccator was first wetted so that all the sides and the 
bottom were quite damp, and then the apparatus was fitted up. 
As the whole of the moisture was absorbed in less than an hour 
and a half, it was clear that the water vapour given off by the 
beetles would be speedily absorbed by the drying agent and 
that there would be no invalidation of results owing to the 
presence of local atmospheric moisture round the specimens. 

The specimens to be kept in a normal atmosphere were put 
into a small tin such as is often used by chemists for vaseline ; 
the beetles were weighed on a delicate chemical balance in a 
tube of known weight, and the weight found by difference. The 
unit of weight used in every case is o-oooi gm. Usually about 
ten specimens were used for each part of each experiment, but 
where the specimens were very small and very abundant, more 
were used. The number used is quoted in each case. 

The actual loss of weight recorded included carbon dioxide 
as well as water vapour, but observations seemed to show that 
this was so small as to be almost negligible; for example, the 
loss of weight of beetles kept in a very moist atmosphere was 
very small indeed, in some cases so small as not to be recorded 
by even a delicate chemical balance. Consequently, in the suc¬ 
ceeding notes no attempt has been made to separate the two 
weights; the absolute values may thus be slightly incorrect, but 
the general relation will still remain clearly shown. 

All the experiments were carried out in the preparation room 
of the chemical laboratory of the High School for Boys, Scar¬ 
borough, where the temperature during the whole of the work 
was approximately 55°-6o° F. (i3°-i5° C.). 

All the parts of an experiment were carried out at one time, 
so as to get, as far as possible, insects at about the same stage 
in their imaginal life. 

The nomenclature adopted is that used by Prof. Sir T. 
Hudson Beare in his ‘ Catalogue of the Coleoptera of the British 
Isles,’ 1930. 

I. Relation of Loss of Weight to Length of Exposure 

to Drought. 

Owing to various causes and especially owing to the diffi¬ 
culty of keeping specimens of many species of beetles alive for 
even a relatively short period in a perfectly dry environment, it 
was first necessary to determine how the loss of water was 
dependent on the time factor. 

This question is of intrinsic interest in itself, but in addition 
it was of great value in later work, owing partly to the fact that 
it was not always possible to weigh beetles after exactly twelve 
hours, which was a convenient standard unit of time in which 
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to compare results, and partly owing- to the fact that a few 
beetles did not survive in a healthy state for twelve hours in a 
perfectly dry environment. It was necessary in this experiment 
to use beetles which could bear such difficult conditions for a 
reasonably long time—at least three days — and this restricted 
the choice. The beetles used were Melanimon tibiale F., Phylan 

gibbus F., Phaleria cadaverina F. and Cneorrhinus plagiatus 

Schall. These were weighed at intervals, and the results plotted 
on squared paper. 

Table i. 

Loss of water in Cneorrhinus plagiatus Schall. under 

drought conditions. 

Time in hours ............. o 6 12 24 30 36 48 60 

Weight ... 2220 2186 2154 2092 2060 2026 1956 1889 

Weight of water lost ... — 34 66 128 160 194 264 331 

Number of specimens = 10. 

Unit of weight = 0.0001 gram. 

Fig. 1. Loss of weight of water of Cneorrhinus plagiatus Schall. 
under drought conditions. 



202 [June, 

Table 2. 

Loss of water in Phylan gibbus F. under drought conditions. 

Time in hours .. O IQ 25 49 72 82 

Weight ..................... ■ H57. M26 1378 1312 1264 1243 

Weight of water lost ... — 31 79 *45 *93 214 

Number of specimens = 6. 

Fig. 2. Loss of weight of water of Phylan gibbus F. under 

drought conditions. 
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Table 3. 

Loss of water in Phaleria cadaverina F. under 

drought conditions. 

203 

Time in hours . 0 24A 34 49 74 83 
Weight ... 1968 1785 !727 1619 1478 1433 
Weight of water lost ... 183 241 349 490 535 

Number of specimens = 10. 

Fig. 3. Loss of weight of water of Phaleria cadaverina F. 

under drought conditions. 



Fig. 4. Loss of weight of water of Melanimon tibiale F. under 

drought conditions. 
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Table 4 (see Fig. 4 opposite). 

Loss of water in Melanimon tibiale F. under drought conditions. 

Time in hours 0 14 26 38 62 72 86 96 IIO *34 142 

Weight ... 217 ^214 208 203 194 188 182 i77 171 1561 i4i2 

Weight of water — 3 9 14 23 29 35 40 46 61 76 

lost. 

Number of specimens = 8. 

1 unit = 0.0001 gram. 

It will be seen that in every case of active living beetles the 
graph is a straight line, or, in other words, that the loss of 
weight of water is directly proportional to the time of exposure. 
Thus, in all future experiments, if the duration of the experi¬ 
ment was not twelve hours, the loss of weight could be stan¬ 
dardised for that time by a piece of simple arithmetic. 

It would seem, further, that the insect possesses no power, 
automatic or otherwise, of regulating the rate or extent of loss 
of water, in any way comparable to that possessed by plants by 
means of their stomates, but that these are determined solely by 
the insect structure and by the conditions of the environment. 
This conclusion receives support from the later work, especially 
that in Sections IV and V. 

II. Relation of Loss of Weight to the Life or Death 

of the Beetle. 

The object of this series of experiments was to determine 
whether dead beetles lose water at the same rate as living ones, 
for, if they do not do so, any weights obtained in these experi¬ 
ments when beetles had died during the course of the exposure 
would be useless. 

One half of the living beetles were treated in the same way 
as before. The other half of the batch were put into a test-tube, 
the end of which was immersed for a few moments in boiling 
water. In this way the beetles were killed quickly without be¬ 
coming wet or dirty, and without the loss of any appreciable 
amount of water. They were weighed on a weighed watch glass, 
placed in a desiccator for twelve hours, and again weighed. 

1 Several specimens were beginning to show lassitude. 

2 1 specimen dead. 
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Table 5. 

Loss of weight of living- and of dead beetles in a dry atmosphere. 

Species. Living. Dead. 
P.cent. P.cent. 

No. of Loss in of No. of Loss in of 
Specns. Weight. 12 hrs. loss. Specns. Weight. 12 hrs. loss. 

Agonum ruficomis 10 1573 241 i5-3 ••• 6 831 231 27.8 
Goeze. 

Bembidion atrocoeru- 10 480 : 99 20.6 ... 7 485 163 33-6 
leum Steph. 

Bembidion decorum 11 753 164 21.8 ... 8 509 168 33-o 
Panz. 

Gyrinus edwardsi H 1566 475 30.3 ••• 1440 656 45-5 
Sharp.* 

Meligethes aeneus 15 229 32 14.0 ... 27 385 83 21.6 
F. 

Micrambe vini 60 290 61 21.0 60 228 5° 21.9 
Panz. 

Phytodecta pallida 10 1894 109 5.8 ... 17 3080 344 11.2 
L. 

Galerucella tenella 
L. 

Otiorrhynchus singu¬ 

16 805 75 9.3 ... r3 706 75 10.6 

9 2214 84 3.8 ... 5 133° 7i 5-3 

11.1 
lar is L. 

Phyllobius urticae 10 2508 i73 6.9 ... 10 2273 252 
De G. 

Phyllobius argentatus H 1000 96 9.6 ... 12 868 J35 I5*5 
L. 

Cneorrhinus plagiatus 6 1021 70 6.8 ... 8 826 J34 16.2 
Schall. 

Nebria gyllenhali 10 3895 378 9.7 ... 2 760 M5 19.1 
Schon. 

Aphidecta obliterata 10 735 57 7.7 ... 10 725 103 

65 

14.2 
L. 

Corymbites incanus 8 1488 70 4.7 ... 5 926 7.0 
Gyll. 

Athous haemorrhoid- 4 1605 n4 7.1 ... 4 1212 100 8.2 
alis F. 

i unit = o.oooi gram. 

It will be seen that in every case the dead specimens lose 
water at a quicker rate than do the living ones, and in most 
cases the difference is very marked. This difference in rate is 
very clearly shown in the graph for Melanimon tibiale F. (Fig. 4), 
where the straight line bends more steeply upwards as the speci¬ 
mens lost vigour prior to death, and still more steeply when 
they were dead. The phenomenon is, of course, general and 
well known in plants. In the case of this research it invalidates 
quantities obtained if any of the specimens are showing lassi¬ 
tude preliminary to death, and consequently all such results 
have been rejected. 

* This is thomsoni Zaitzev (F. Balfour-Browne, 1936, Ent. Mon. Mag., 

72 : 106). 
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III. Relation of Loss of Weight of Living Beetles in a 

DRY AND IN A MOIST ATMOSPHERE. 

The experiment was carried out in the usual way. A number 
of the observations are shown in Table 6, so as to show the 
nature of the results obtained, and a further selection will be 
found under another heading in Table io. 

Table 6. 

Loss of weight of living beetles in a dry and in a moist 
atmosphere. 

Species. Dry. Moist. 
P.cent. P.cent. 

No. of Loss in 
Specns. Weight. 12 hrs. 

of 
loss. 

No. of 
Specns. Weight. 

Loss in 
12 hrs. 

of 
loss. 

Agonum ruficornis 10 1573 241 15-5 ... 10 1705 37 2.2 
Goeze. 

Bembidion atrocoeru- 10 480 99 20.6 9 366 6 1.6 
leum Steph. 

Agabus sturmi IO oc
 

0
 

-£•
 308 11.0 10 2863 102 3-6 

Gyll. 
Gyrinus edwardsi Sharp 14 1566 475 3°-3 

00 
X

 
'*■ 35 2-3 

(thomsoni Zaitzev). 
Aphidecta obliterata 

L. 
IO 735 113 i5-4 13 1081 88 8.1 

Meligethes aeneus 
p 15 229 32 14.0 17 282 4 1.4 

Monotoma conicicollis 12 77 24 31.2 II 62 6 9-7 
Aub6. 

Geotrupes stercorosus IO 3i 2949 2630 8.0 ... 10 28399 401 M 
Scriber. 

Notoxus monoceros 
L. 

Phylan gibbus 
p 

IO 398 26 6-5 IO 410 7 *•7 

IO 2553 63 2-5 ... 6 1457 34 2-3 

Opatrum sabulosum 
L. 

6 1621 40 2.4 00
 

00
 

24 i-3 

Melanimon tibiale 
F. 

Otiorrhynchus singu- 

8 217 3 1.4 ... 10 365 3 0.8 

IO 2596 60 2.3 ... 9 2327 25 1.1 
laris L. 

Cneorrhinus plagiatus 6 1021 70 6.8 6 821 8 1.0 
Schall. 

Liosotna deflexum IO 264 44 16.6 ... 10 238 6 2.3 
Panz. 

Phytodecta pallida 
L. 

IO 1840 48 2.6 10 1825 4 0.2 

Phyllobius argentatus H 1000 96 9.6 ... 14 879 *3 !-5 

i unit = o.oooi gram. 

It is obvious that the hygrometric state of the atmosphere 
has a marked influence on the rate of loss of water from living 
beetles, there being only one case (Phylan gibbus) where the 
two results are virtually the same, and this is a coast insect 
that normally lives in very dry conditions. 
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IV. Relation of Loss of Weight of Water to Temperature. 

On a priori grounds one would expect that with rise of tem¬ 
perature the rate of loss of water by transpiration from beetle 
bodies would increase, and experiment shows this is very prob¬ 
ably true, but for various reasons it was difficult to test this 
conclusion. 

(a) It was difficult to find species of beetles that could sur¬ 
vive the higher temperature ^well below the temperature when 
heat rigour sets in) without death ensuing before the experi¬ 
ment was complete. All the commoner local beetles that were 
tested failed to survive the higher temperature. Even as it was, 
it was found advisable to expose the beetles to a high tempera¬ 
ture for only eight to nine hours and to calculate the loss for 
the standard time of twelve hours by the linear rule obtained in 
Section 1. 

(b) A number of sandhill species seemed likely to be suffi¬ 
ciently resistant, but here there was the new difficulty of getting 
at one time a sufficient number of beetles of one species to carry 
out the tests. It was finally through the kindness of Dr. Ban¬ 
nister that a sufficient number of specimens of Phaleria cada¬ 

ver ina F. was obtained. 

(c) The apparatus of the science laboratories of a secondary 
school does not normally include a thermostat, and, as at least 
three were required, makeshift apparatus had to be devised. 
This consisted merely of a fairly large bath obtained at a well- 
known stores, and this was filled with sufficient water to immerse 
the greater part of the desiccator, which was placed near one 
end of the bath. The heat was obtained from the small flame 
on the jet of a Bunsen from which the upper tube had been 
removed. By using three-sixteenth inch rubber tubing to de¬ 
liver the gas and fitting it with an adjustable pinch-cock, very 
small flames of various sizes could be obtained, which were 
played on the other end of the bath. The size of the flame was 
adjusted to cause different temperatures in the baths. A thermo¬ 
meter was placed in the water, which was repeatedly stirred. 
With care, experience and continual attention, the temperature 
of each bath was kept constant within less than i° C. during 
the time of the experiment. 

Despite the crudeness of the apparatus and the fact that 
only one set of observations was obtained, it seems worth while 
to record the results. 
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Table 7. 

Loss of weight of water in a dry atmosphere at different 

temperatures. 

Species: Phaleria cadaverina F. 

(a) 15° c. 
Number of specimens = 10. 
Weight — 0*1968 gm. 
Loss of weight in 12 hours = -0081 gm. 
Percentage of loss = 4-1 

(b) 250 C. 
Number of specimens = 8. 
Weight = 0-1769 gm. 
Loss of weight in 9 hours = -0138 gm. 
Percentage of loss in 12 hours = 10-4 

(c) 30° C. 
Number of specimens = 8. 
Weight = 0-1772 gm. 
Loss of weight in 9 hours = -0188 gm. 
Percentage of loss in 12 hours = 14-1 

(d) 36° C. 
Number of specimens = 8. 
Weight = 0-1541 gm. 
Loss of weight in 8-5 hours = -0254 gm. 

Percentage of loss in 12 hours — 23-3 

The graph so obtained is not a straight line 
rises more steeply as the higher temperatures 
was thought possible that there might be some 

and the 
given: — 

pressure of aqueous 

■5°C- _ - i2-o mm. 
20° C. - - i7*5 mm- 
25°C. - - 23-5 mm. 
30° C. - - 31 *5 mm- 
35° C. - . - 42-0 mm. 

in this case, but 
are reached. It 
relation between 
vapour at these 

These numbers were plotted in a graph on the same diagram 
as the first, and this is represented by a broken line. It is, of 
course, obvious that the slope of this curve will be dependent 
on the scale used, although the general shape will remain the 
same. Making allowance for this, there is sufficient resemblance 
to suggest that the rate of loss of water in a dry atmosphere by 
Phaleria cadaverina at different temperatures is actually a func¬ 
tion of the pressure by aqueous vapour at these temperatures. 
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Fig. 5. Loss of weight of water of Phaleria cadaverina F. 
under drought conditions at various temperatures; with 
vapour pressure curves. 

In a state of nature, there is, of course, no atmosphere pos¬ 
sessing a state of dryness even approaching that used in these 
experiments, so that it would seem probable that the actual 
rate of transpiration of beetles, other conditions being the same, 
is proportional to the difference between the actual pressure of 
water-vapour in the atmosphere and the pressure of saturated 
aqueous vapour at the air temperature. If this is true, the rate 
of loss of weight of even hygrophilous species in a saturated 
atmosphere ought to be very small indeed, and apparently 
should be due very largely to respiration. 

V. Relation of Loss of Weight of Water to 

Wind Conditions. 

Just as in plants the rate of transpiration depends on wind, 
so it seemed likely that the same thing might apply with beetles. 
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In this case, it was unnecessary — in fact irrelevant — to use 
drought conditions; for obviously, if the vapour released by the 
insect body were rapidly absorbed by calcium chloride, it would 
be practically the same in principle if it were removed by dry 
wind. This idea was tested experimentally, and it was found 
that the loss of weight in the desiccator was practically the 
same as in dry wind. Consequently a wind current of normal 
air was used. 

The wind current was caused in a narrow U-tube, A. This 
was connected to a flask, B, containing sulphuric acid to test 
the rate of passage of air by means of bubbles, and this was 
connected to an aspirator, C, at the tap, this causing reduction 
of pressure, so producing a current of air through the apparatus 
whose rate could be modified at will. At the first part of the 
apparatus was a flask, D, containing water and the usual tubes ; 
this was attached to the apparatus at intervals to show that air 
was being passed through the whole apparatus and that there 
were no leaks (Fig. 6). 

Fig. 6. Apparatus used to demonstrate the relation of loss of 
weight of water to wind conditions. 
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Table 8. 

Loss of weight of beetles in calm and in wind. 

Species. Calm. Wind. 
P.cent. P.cent. 

No. of Loss in of No. of Loss in of 
Specns. Weight. 12 hrs. loss. Specns. Weight. 12 hrs. loss. 

Aphodius punctato- IO “Si 41 3.6 .. . 10 1221 94 7-7 
sulcatus Sturm. 

Notaris acridulus IO 552° 9 1.6 10 543 18 3-3 
L. 

Bembidion gut tula 
p 

IO 160 12 7-5 •• 10 180 22 12.2 

Hydroporus spp. from 20 5i6 19 3-7 . 20 508 31 6.1 
peaty pools, chiefly 
piceus Steph. 

Phytodecta pallida 
L. 

IO 1825 4 0.2 10 1814 43 2.4 

Phyllobius argentatus 
L. 

9 584 9 1.5 .. 9 558 22 3*9 

The results show clearly that the occurrence of wind materi¬ 
ally increases the rate of transpiration of beetles. 

VI. Relation of Loss of Water to Type of Habitat 

of the Beetle. 

The experiments conducted up to the present suggest that 
for the living beetle the loss of weight in any given time de¬ 
pends upon the temperature, the hygrometric state of the air, 
the presence of wind, and the length of exposure to these con¬ 
ditions. The first three are closely dependent upon the environ¬ 
ment, and consequently we should expect that beetles will be 
more or less closely adapted to their normal surroundings. Just 
as with plants, we can make a rough classification of this 
environment into four types — watery, damp, dry, and one of 
normal atmospheric conditions. 

In the first group, we include all the water-beetles — species 
of Hydroporus, Helephorus, Gyrinus, Agabus, Helniis, etc. ; in 
the second, species of Bembidion, Agonum, Choleva, Aphodius, 
etc. ; in the third, Melanimon tibiale, Phylan gibbus, Notoxus 
monoceros, etc. ; and in the last, Coccinellidae, many weevils, 
Meligethes, etc. 

This classification is one that is known quite well by every 
Coleopterist; and the object of the next series of experiments 
was to determine whether the loss of weight under drought con¬ 
ditions was in any way an expression of the normal environ¬ 
ment of the insect. The subject was investigated in two ways ; 
in the first the percentage of loss of weight was determined, 
and in the second the length of time during which the species 
could survive exposure to severe drought. 
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Table 9. 

Loss of weight of beetles from different types of environment 

after 12 hours in a perfectly dry atmosphere. 

A. Beetles from Dry Habitats. 

Species. 
Normal 
habitat. 

Number 
of 

specimens. Weight. 

% loss of 
weight in 
12 hours. 

Notoxus monoceros L. Sandy coasts. 10 398 6-5 
Phylan gibbus F. do. 6 H57 2-3 
Melanimon tibiale F. do. 8 217 1.4 
Phaleria cadaverina F. do. 10 1968 4.1 
Aegialia arenaria F. do. 11 971 20.1 

do. 2nd experiment H 1269 18.5 
Cneorrhinus plagiatus Schall. do. 6 1021 6.8 
Opatrum sabulosum L. do. 6 1621 2.4 
Stegobium paniceum L. Flour, macaroni. 14 171 5-9 

B. Beetles from Normal Atmospheric Co nditions 

Number % loss of 

Normal of weight in 

Species. habitat. specimens. Weight. 12 hours. 

Corymbites incanus Gyll. Grassy places, trees. 8 1488 4-7 
Athous haemorrhoidalis F. Low plants, trees. 4 1605 7-1 
Meligethes aeneus F. Flowers. 15 229 14.0 

Phyllobius argentatus L. On trees. 10 1000 9.6 

,, urticae De G. do. 10 2508 6.9 

Phytodecta pallida L. do. 10 i894 5-7 
Cleonus piger Scop. On thistles. 5 1380 3-2 
Cionus scrophulariae L. On fig wort. 5 595 8-3 
Phyllobius calcaratus F. On trees. 10 2657 6-3 
Polydrosus cervinus L. do. 10 1442 10.7 

Aphidecta obliterata L. do. 10 735 7-7 
Otiorrhynchus singularis L. do. 9 2214 3-8 
Strophosomus lateralis Payk. On heather. 9 772 6.8 

Micrelus ericae Gyll. do. 225 24.2 

Micrambe vini Panz. In gorse flowers. 60 290 21.1 

A good case might be made out for placing the last — and 
possibly the last two — species in Class C, owing to the high 
humidity within the flowers. 
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C. Beetles from Damp Habitats. 

Number % loss of 
Normal of weight in 

Species. habitat. specimens. Weight. 12 hours. 

Nebria gyllenhali Schon. Under stones in IO 3895 9-7 
damp places. 

Aphodius fossor L. Dung. 6 5188 17-3 
Liosoma deflexum Panz. Moss. IO 264 16.6 
Galerucella tenella L. Damp vegetation. 16 805 9-3 
Agonum ruficornis Goeze. Damp places. IO T573 15-5 
Monotoma conicicollis Aub£. Nests of Formica 13 77 31 ■2 

rufa L. 
Notothecta flavipes Grav. do. IO 87 29.0 
Bembidion atrocoeruleum Shingle. IO 480 20.6 

Steph. 
,, decorum Panz. do. 11 753 21.8 

Catops tristis Panz. Carrion. These could not survive 
for 4 hours in a dry 
atmosphere. 

D. Beetles living in Water. 

Species. 

Number 
of 

specimens. Weight. 

% loss of 
weight in 
12 hours. 

Agabus sturmi Gy 11. ............. IO 2804 10.9 
Hydroporus piceus Steph. 19 507 17.7 

Gyrinus edwardsi Sharp . 14 1566 3°-3 
Haliplus ruficollis De G. 20 516 38.2 

Dytiscus semisulcatus Melli£ . 6 50930 11.4 



Table io. 

Total length of life of beetles from different types of environ¬ 
ment in a perfectly dry and in a normal atmosphere. 

D = Under dry conditions. 
N *= Under normal conditions. 
Number = Number alive. 

A. Beetles from Dry Habitats. 

Species. Normal habitat. 
Lapse of 

time. D. N. 

Notoxus monoceros L. Sandy areas, both inland 0 days 10 10 
and on coast. 3 10 10 

4 9 10 
6 ,, 9 IO 

7 >» 7 IO 

8 „ 7 9 
11 7 9 
12 ,, 1 9 
*3 » 0 9 

Fhylan gibbus F. Sandy places on coast. 0 ,, 6 6 
8 „ 6 5 

11 „ 6 4 
12 ,, 6 4 
13 » 3 4 
14 » 0 4 

Melanimon tibiale F. Sandy places on coast 0 ,, 8 IO 

and inland. 6 „ 8 10 
65 ,> 7 IO 

7 >> 5 IO 

7\ » 5 IO 

8 „ 2 IO 

11 1 IO 

13 »» 0 IO 

Phaleria cadaverina F. Sandy places on coast, 0 „ 10 IO 

beneath seaweed and at 1 day 9 IO 

roots of grass. 4^ days 7 IO 

5“ » 6 IO 

sk >> 5 IO 

6 „ 3 IO 

6i „ IO 

7 0 IO 

Stegobium paniceum L. Flour, etc. These spe¬ 0 ,, 14 14 
cimens came from l5 M 12 14 
macaroni. 2 ,, 11 14 

2| „ 10 13 
4 » 8 13 
5 » 7 13 
6 „ 5 13 
7 » 4 11 
8 „ 3 IO 

9 .1 2* 9 
10 ,, 1 8 
11 ,, 0 7 

Aegialia arenaria F. Sandy coasts. 0 H 15 
1 day 0 14 

Cneorrhinus plagiatus 0 ,, 6 6 
Schall. 1 \ days 6 6 

2 2 6 

4 .» 2 6 

4a »» 0 6 

* The smallest specimen died on the 9th day. 



B. Beetles from Normal Atmospheric Conditions. 

Normal Time in hours. 

Species. habitat. o 12 24 : 36 48 60 ' 72 96 120 I44 

Corymbites incanus Grassy places, D. 8 8 7 6 5 2 0 
Gyll. trees. N. 8 8 8 8 8 8 8 — — 

Athous haemorrhoid- Low plants, D. 4 4 1 0 
alls F. trees. N. 4 4 4 4 

Meligethes aeneus Flowers. D. i5 M 2 0 — — ■ — ■ 
F. N. i7 i7 17 16 

Phyllobius argentatus Trees. D. i4 14 10 1 1 0 — — — — 

L. N. H H 14 M H 14 — — — — 
Phyllobius urticae Nettles. D. 10 10 10 10 9 4 3 0 — — 

De G. 10 10 10 10 10 10 10 7 — — 

Phytodecta pallida Trees. D. 10 10 10 8 8 8 4 0 — — 
L. N. 10 10 10 10 10 10 10 10 — — 

Cleonus piger Thistles. D. 8 8 8 8 8 8 / 7 1 0 
Scop. N. 9 9 9 9 9 9 9 9 9 7 

Cionus scrophulariae Figwort. D. 5 5 5 5 5 5 5 5 4 — 
L. After 1 week 3 alive, and after 25 days 

1 still alive and active. 
N. 5 5 5 5 5 5 S 5 5 — 

Micrelus ericae Heather. D. 21 13 1 0 
Gyll. N. 21 21 21 20 

Micrambe vini Gorse D. 60 60 31 5 0 
Panz. flowers. N. 60 58 58 56 55 

Phyllobius calcaratus Trees. D. 10 10 7 2 0 
F. N. 10 10 10 10 10 — — — — — 

Polydrosus cervinus Trees. D. 10 10 10 10 6 3 0 — — — 
L. N. 10 10 10 10 10 10 10 — — — 

Aphidecta obliterata do. D. !3 *3 12 12 12 12 9 7 
L. N. J3 J3 13 J3 J3 J3 *3 *3 12 — 

do. contd. JD. 5 h days , 5 ; 7 days, 3; 7i days, 0 

IN. do. 12 ; do. 12 ; do. 10 

Otiorrhynchus singu¬ do. D. 10 2 — days , 9 > 3 days, 7; ; 4i days, 6 

lar is L. N. 10 do. 10 ; do. 10 ; do. 10 
D. 5 days, 5; 7 days, 1 ; 7* days, 0 
N. do. 10 ; do. 95 C

L
 

O
 

V
O
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C. Beetles from Damp Habitats. 

Species. 
Normal Time in hours. 
habitat. o 12 24 36 48 60 72 96 120 144 

Nebria gyllenhali Shingle. D. 

Schon. N. 

Aphodius fossor Dung. D. 
L. N. 

Liosoma deflexion Moss. D. 
Panz. N. 

Galerucella tenella Damp vege¬ D. 
tation. N. 

Agonum ruficornis Damp places. D. 
Goeze. N. 

Monotoma conicicollis Nests of For¬ D. 
Aube. mica rufa L. N. 

Notothecta flavipes do. D. 
Gr. N. 

Leptacinus formice- do. D. 
t or uni N. 

Bembidion atrocoeru- Shingle. D. 
leum Steph. N. 

Bembidion decorum do. D. 
Panz. N. 

Catops tristis Carrion. D. 
Panz. N. 

10 IO 3 1 
10 IO 9 9 

6 5 1 0 
6 6 6 6 

10 IO IO 0 
10 IO IO IO 

16 16 1 0 
16 16 16 16 
10 10 7 2 o 
10 10 10 10 10 
13 11 6 3 o 
10 10 9 9 9 
10 2 o — — 
10 10 10 — — 
12 4 o — — 

14 14 14 - 
10 6 o — — 
10 10 10 — — 
11 9 o — — 
11 11 11 — — 

10 10 (After 6 hours, 2 alive) 
IO g - - - - - - - 

D. Beetles living in Water. 

Species. 
Normal 
habitat. 0 12 24 

Time i 
36 48 

n hours. 
60 72 96 120 144 

Agabus sturmi Pools. D. IO 10 10 10 10 10 10 10 2 0 
Gyll. N. IO 10 10 10 10 10 10 10 10 — 

Helophorus aenei- do. D. IO 6 0 
pennis Thoms. N. IO 10 10 

Hvdroporus palustris do. D. IO 4 0 
L. N. IO 10 10 

Hydroporus spp. from Moorland D. 19 18 l7 J3 6 0 — — — — 
peaty pools, chiefly pools. N. 20 20 20 20 20 20 — — — 
H. piceus Steph. 

Haliplus ruficollis Streams, etc. D. IO 5 0 
De G. N. IO 10 10 

Hygrotus inaequalis Pools. D. 9 5 0 
F. N. 9 9 9 

Gyrinus edwardsi Slow D. *3 13 12 0 
Sharp. streams. N. J3 J3 J3 *3 — — — — 

Dytiscus semisulcatus Streams and D. 6 6 6 6 6 3 1 0 — — 

Mellid. pools. N. 6 6 6 6 6 6 6 6 ESI B 
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The absolute value of the above results probably depends to 
some extent on various ‘ internal ’ factors such as the age of 
the insects used, their size, and possibly the ‘ personal equation ’ 
of the individuals ; but viewed broadly the results (Tables 9 and 
10) seem to show quite clearly a definite physiological connec¬ 
tion between the beetles and their environment — with certain 
remarkable exceptions discussed below. Under drought con¬ 
ditions the loss of water is least and the length of life greatest 
in those beetles which are normally xerophilous in character ; 
the mesophiles, again with certain exceptions, suffer a great 
loss of water with a consequently briefer life, while those from 
damp or wet habitats are in most cases badly fitted to withstand 
dry conditions. 

N.B.—The case of Aegialia arenaria, which occurs on sandy 
coasts, seemed so contrary to those of the other beetles found 
in the same habitat that it was carried out three times, in each 
case with closely similar results. 

The rate of loss of water is evidently closely dependent upon 
the hygrometric state of the air, but it must also be dependent 
upon insect structure. Evidently since the graphs in Section I 
were straight lines, the insects tested possess no structures com¬ 
parable with the stomates in plants which will enable them to 
modify in any way the rate of loss of water from their own 
bodies. The spiracles with their internal structure possess no 
such control over transpiration as will enable them to reduce 
the rate of loss of water when drought conditions are causing 
risk of death owing to desiccation ; this loss continues as usual, 
and, as has been shown, is dependent externally upon tempera¬ 
ture, wind and the hygrometric state of the air, but since the 
results in Section VI show that the rate of loss also depends 
upon the species of beetle, it must also be dependent in some 
way on the structure of the insect itself. The most probable 
way in which this could be done would seem to be by the 
character of the elytra—more especially by their size and by the 
degree of their approximation to the sides of the insect’s body. 

The points to be investigated then were: — 

(1) Whether the presence of the wings and wing-cases 
had any effect upon the length of life in a dry 
atmosphere; 

(2) Whether the size of the elytra had any such effect. 

VII. Relation of the Elytra TO' the Control of the Rate 

of Loss of Water-vapour. 

The tested beetles had their wings and elytra carefully cut 
off so as to leave the greater part of the body exposed. The de- 
alated beetles were put into a dry atmosphere, so as to preserve 
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a uniform condition of environment, normal beetles in a dry 
atmosphere being used as a control. It must be admitted that 
the method of testing by the removal of the wings and elytra 
leaves something* to be desired. If there is any ‘bleeding’ of 
the cut organs, even to a small extent, it will certainly some¬ 
what increase the loss of water in an undesired way, and will 
therefore alter the length of life. Consequently, the method was 
used with only two species, with results as follows. 

Table ii. 

Total length of life of winged and of de-alated beetles in a dry 

atmosphere. 

D = De-alated specimens. 

N = Normal winged specimens. 

Number = Number alive. 

Species. Lapse of time. D. N. 

Cleonus sulcirostris Scop. .. 7 8 

12 ,, 7 8 

24 >> 7 8 

36 „ 5 8 

48 „ 4 8 

60 ,, 2 8 

72 T 0 7 
96 ,, — 7 

120 ,, — 1 

Phylodecta pallida L.. 9 9 
12 ,, 6 9 
24 „ 0 9 
36 „ — 9 

Fortunately, there is one group of beetles with abbreviated 
elytra— the Brachelytra. These were therefore used as a suit¬ 
able group on which to test the influence of the size of elytra 
on water-loss and length of life. The most valuable method 
would apparently be to use different species of beetles of 
approximately the same size and from the same environment, 
one group possessing elytra of the normal size and the other 
with them much abbreviated. The results were as follows: — 

(a) With Stenus impressus Germ, from cut grass. 

Time. Drought. Normal. 

0 hours 13 alive 13 alive 

4 » 8 „ 13 » 
6 „ 2 ,, J3 » 
8 ,, 0 ,, 13 » 
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(b) In a second experiment two species of beetles, one brach- 
elytrous (Philonthus sp.) and the* other with more adequate 
elytral covering- (Saprinus semistriatus Scriba) were taken from 
the same environment — carrion. 

The results were as follows: — 

(i) Loss of Weight. 

Philonthus sp. Saprinus sp. 

Number of specimens ... 10 8 
Weight 0.2584 gms. 0.3177 gms. 
Loss of weight in 45 hours 0.0174 ,, 0.0134 ,, 
Percentage loss 0 it weight 

for 12 hours 17.9 11.5 

(ii) Length of Life. 

Time. Philonthus sp. Saprinus sp. 

0 hours 10 alive 8 alive 

45 M 10 ,, 8 „ 
24 ,, 0 ,, 3 „ 

The results show clearly that in these cases at least the size 
of the elytra does determine the rate of loss of water from the 
insect body. It is a suggestive fact that-the great majority of 
brachelytrous beetles, to whatever family they may belong, are 
found in moist environments where there is very little risk of 
desiccation. Moreover, in the beetles where there is great re¬ 
sistance to drought conditions, there is almost always a close 
approximation of the epipleura to the sides of the body. Finally, 
the increased rate of desiccation in dead beetles is almost cer¬ 
tainly due to the shrinking of the body from the wing-cases. 

It is interesting to note that in the great majority of our few 
species of submaritime beetles (see Geo. B. Walsh, 1925, ‘ The 
Coast Coleoptera of the British Isles/ Ent. Mon. Mag., 61 : 
I37"I5I) the elytra are either abbreviated or almost non-existent; 
and even in Cillenus lateralis Sam., though the elytra are of 
the full size, the wings themselves are absent. 

Summary and- Discussion. 

1. The rate of loss of water is greater in dead beetles than 
in living ones. 

2. It is directly proportional to the time of exposure to the 
environment; and beetles seem to possess no power of control 
over the rate at which it shall take place. 

3. It is increased by the wind, which blows away the water- 
vapour set free, and so prevents the immediately surrounding 
atmosphere from becoming more nearly saturated. 



1938.] 221 

4- The rate is dependent upon the size of the elytra; this is 
particularly well shown in the case of the Brachelytra, which 
show little resistance to drought conditions, and which are 
almost invariably found in a damp environment. 

5. Beetles where the elytra are in a close fixed position to 
the body have only a slow rate of loss of water, e.g. most of the 
sandhill beetles, many of the weevils, and a few water-beetles. 

6. (a) It is dependent upon the temperature to which the 
insect Is exposed, probably being dependent upon the pressure 
of saturated aqueous vapour at this temperature. 

(b) It Is also determined by the humidity of the atmosphere, 
being greater in a dry atmosphere and less in a damp one. 

(c) Within the limits of temperature at which life can normally 
exist, the rate of loss of water is probably finally determined by 
the difference between the actual vapour pressure of the water 
In the air and the pressure of saturated aqueous vapour at the 
same temperature. Thus a beetle can survive for a longer period 
in a hotter moist atmosphere than in a colder dry one. 

The case of the sandhill beetles is a particularly interesting 
one, since they are in a very dry habitat, exposed to the full 
blaze of the sunshine and subject to constant wind. Here there 
is in most cases marked power of resistance to drought. Even 
here, however, observation in the field shows that these insects 
choose the damper parts of their habitat; and Dr. K. G. Blair 
informs me that on the sandhills of N. Devon beetles seem to 
burrow deeper about April, apparently in an attempt to avoid 
the more difficult conditions of the summer. 

The case of Aegialia arenaria, one of the commonest of our 
sandhill beetles, is a very curious one. The elytra are in only 
loose approximation to the body, and the beetles lose water 
readily and speedily die in a dry atmosphere ; nevertheless, it 
seems to flourish. A. rufa, too, occurs on coast sandhills, and 
A. sabuleti in the sand and shingle of river beds, although I 
have always found the last species in the wetter parts. It must 
be admitted that it Is difficult to explain on the conclusions 
arrived at in this paper the evidently successful existence of this 
beetle in the dry conditions under which it is normally found. 

The case of A gab us sturmi is also an interesting one, since 
it is an aquatic beetle which showed marked resistance to 
drought. Here it is possible that the position of the elytra which 
prevented the entrance of water from outside to the space be¬ 
tween them and the body also prevented the escape of water- 
vapour ; the conditions are not quite the same, however, because 
in the first case the surface tension of the water film between 
the two would be quite sufficient to keep out the water, whereas 
it would be non-existent in the second case. 
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7. Finally, it is possible that certain xerophile beetles, like 
many xerophytes, may possess the power of surviving a certain 
amount of desiccation better than do other beetles, and of re¬ 
covering when conditions become damp again. 
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